ミニマル平面クエット系の不安定周期軌道と乱流制御 (流れの遷移と乱流のスケルトン) by 河原, 源太
Titleミニマル平面クエット系の不安定周期軌道と乱流制御(流れの遷移と乱流のスケルトン)
Author(s)河原, 源太
















(Kim 2003 ), (Bewley, Moin& Temam 2001)



















, (Nagata 1990; Waleffe 2003; Kawahara&Kida $2001$),
(Itano&Toh2001; Waleffe 2003), (Jim\’enez


















( ) . ,
. ,
,
, 2 , 2 3





Kawahara&Kida (2001) 2 3
. 1 , 1
.




. Waleffe $(2001, 2003)$ ,
Itano&Toh (2001) 3
. tValeffe 2 , Nagata (1990)
. ,
3 ,









Nagata (Jim\’enez et al. 2005),
Waleffe(2003) .
, . $\blacksquare$ ,
(5 ) Jime’nez&Simens (2001)





(Walefle 2003). 1 RhqS
(Jimenez et al. 2005).
,
. 1 , 2
. 1 , RMS (
) ( ) ,
Kawahara&Kida, ( ), Nagata ( $\bullet$ ) Waleffe(A)
170
, Jim6nez&Simens $(\blacksquare)$ . 1 , ( )
( ) , ( ), Nagata (O)
Waleffe $(\triangle)$ , Itano&Toh ( ), Toh&Itano
( ) . , $\mathrm{W}^{\Gamma}\mathrm{a}1\mathrm{e}\mathrm{f}\mathrm{f}\mathrm{e}$
, 1 2





















$x$ $z$ ) (y)
.
. .\equiv Uh/l/ $=400$ 8, 448 $(=16\mathrm{x}33\mathrm{x}16)$
. , $U$ 2 , $h$ 2




. , $+$ $u_{\tau}$ $\mathrm{t}/$ .
, $x,$ $y,$ $z$ $\triangle x^{+}=12,$ $\triangle y^{+}=0.16-3.3,$ $\Delta z^{+}=8.1$ ,





$z=0$ $x$ $L_{x}/2$ :(11) $x=y=0$
$180^{\mathrm{o}}$ $z$ $L_{z}/2$ , (






, Kawahara &Kida (2001
.
$N$ , , (
) ,
. $N$
$(N\approx 1.5\mathrm{x}10^{4})$ . (i), (ii) ,
$n$
$(n\approx N/4)$ .
${\rm Im}(\overline{\omega}_{y1,2,0})=0$ . , ${\rm Im}(\overline{\omega}_{y1,2,0}.)$ ,
$2\pi/L_{x}$ , 2 ,
. . , $(n-1)$
$f(r)$ . , $r$ $(n-1)$
.





















. , $||$ . $L_{x}/h=1.755\pi,$ $L_{z}/h=1.2\pi$ (






. ( ) ,
(Itano&Toh 2001). $N$
$x_{f}$
$x$ $d_{p}=||x-\mathrm{x}\mathrm{r}11/||\mathrm{x}f||$ 2 .
2 $x$ $I_{p}$ . ,
$I=f_{0}^{L_{x}} \int_{0}^{L_{z}}(.\partial u/\partial y|_{y=-h}+\partial u/\partial y|_{y=+h})\mathrm{d}x\mathrm{d}z/(2L_{x}L_{z}U/h)$
(Kawahara&Kida 2001), $I$






4. ( ) ( )
2 $(I, D)$ .
. 2
. ,




$\approx 2.5\mathrm{x}10^{4},$ $T^{+}\approx 7.2\mathrm{x}10^{4})$ $- I=2.91$ .
( ) $rf$ $\mathrm{D}_{\gamma}f(rf)$
( ) ,
. 3 , $\lambda$ 1
( ) $\lambda_{u}=30.3$ 1 ,
. $\lambda_{u}$
e . 4 2 ,
2 $r=r_{f}\pm\epsilon||r_{f}||e_{u}(||r_{J}||=0.310)$ 2
$(I, D)$ . $\epsilon=10^{-4}$ ,
$D= \int_{0}^{L_{x}}\int_{-h}^{+h}f_{0}^{L_{z}}|\omega|^{2}\mathrm{d}x\mathrm{d}y\mathrm{d}z/(2L_{x}L_{z}U^{2}/h)$ (Kawahara& Kida 2001). ,
$\omega$ . $+e_{u}$
174
( ) , ,









, $\sigma$ . $\sigma$ $\sigma=0$
.
$f(r, \sigma)$ $\sigma=0$ . , $rf=f(r_{f}.0)$ .
, ( )
$r^{i+1}-rf=\mathrm{D}_{r}f(rf, 0)(r^{i}-rf)+\mathrm{D}_{\sigma}f(rf, 0)\sigma^{i}$ (1)
. , $\mathrm{i}(=0,1\backslash \cdots)$ $(i=0)$
$\mathrm{i}$ .
$v_{s}$ $v_{u}$
, $v_{s}=0$ ( )
v (1)
$v_{u}\cdot(r^{\mathrm{i}+1}-rf)=\lambda_{u}[v_{u}\cdot(r^{i}-rf)]+\sigma^{i}[v_{u}\cdot \mathrm{D}_{\sigma}f(rJ:0)]$
. , , 0 1
$\sigma^{0}=-c\lambda_{u}[v_{u}\cdot(r^{0}-rf)]/[v_{u}\cdot \mathrm{D}_{\sigma}f(r;, 0)]$ (2)
$\sigma^{0}$ . , $c>1$ ,
.
1 . –
, OGY $(\mathrm{O}\mathrm{t}\mathrm{t}-\mathrm{G}\mathrm{r}\mathrm{e}\mathrm{b}\mathrm{o}\mathrm{g}\mathrm{i}-\mathrm{Y}\mathrm{o}\mathrm{r}\mathrm{k}\mathrm{e})$ (Ott, Grebogi&
Yorke 1990) , $\mathrm{i}=0,1,$ $\cdots$ (2) $c=1$
$\sigma^{i}$ ,
. (2) $v_{u}\cdot \mathrm{D}_{\sigma}f(rf, 0)\neq 0$ .














2 21 22 2.3
$I_{p}$
5. $2\Omega$ [$c=2$ (2)]
$(\mathrm{i}=0)$ $I_{\mathrm{p}}$ . (




( $\mathrm{i}=0$ $d_{p}<0.15$ ), (2)




. $I_{p}\geq 2.2$ (
$d_{p}\geq 0.1$ , 1 ) . ,




$r^{0}$ . , $l\models^{\mathit{0}}-rf||$
$2|\Omega|$ , $r^{0}-rf$ v
. , $2\Omega$ , $I_{\mathrm{p}}$
. , 5 , 2.1
, (i), (ii)
, $2\Omega h/U=-3\mathrm{x}10^{-3}$












$I_{\epsilon xt}$ $I$ .
.
,
3 1 6( )
. , $\zeta$]$T$ $7.3^{\mathrm{o}}$
. 6 , $t_{m}^{+}=0$ ,
$-100<\sim t_{on}^{+}<\sim 20$ $t_{on}^{+}$ .




( $I_{p}<2.2$ $T^{+}\approx 4\mathrm{x}10^{4}$ ).
( )




Pyragas (Pyragas 1992) , $k\mathcal{P}(u_{p}-u)$
. . , $k(>0)$ , $u_{p}$
$u$ . , . , $\mathcal{P}$
, $(m, 7Yl^{l})=(0\backslash \pm 1),$ $(\pm 1,0),$ $(\pm 1, \pm 1),$ $(\pm 1, \mp 1)$ $\mathit{1}=0,2$
, . $\tilde{v}_{m,l,m’},\overline{\omega}_{ym,l,m’}$
. ,
$N$ . , ,






$(I_{ext}/I<<1)$ . $(I_{p}<2.1)$ ,
( 6 ).





















Bewley, T. $\mathrm{R}$ , Moin, P. & Temam, R. 2001 DNS-based predictive control of turbulence:
an optimal benchmark for beedback algorithms. J. Fluid Mech. 447] 179.
Drazin, P. G. & Reid, W. H. 1981 Hydrodynamic Stability. Cambridge University Press,
Cambridge.
Guan, S., Zhou, Y. C., Wei, G. W. & Lai, C.-H. 2003 Controlling flow turbulence. Chaos
13, 64.
Hamilton, J. M., Kim, J. & Waleffe, F. 1995 Regeneration mechanisms of near-wait
turbulence structures. J. Fluid Mech. 287, 317.
H\"ogberg, M., Bewley, T. R. & Henningson, D. S. 2003 Relaminarization of $Re_{\tau}=1\mathrm{O}\mathrm{O}$
turbulence using gain scheduling and linear state-feedback control. Phys. Ffuids
15, 3572.
Itano, T. & Toh, S. 2001 The dynamics of bursting process in wall turbulence. J. Phys.
Soc. $Jpn$ . $70,703$ .
Jimenez, $\mathrm{J}_{?}$. Kawahara, G., Simens, M. $\mathrm{P}$ , Nagata, M. & Shiba, M. 2005 Characterization
of near-wall turbulence in terms of equilibrium and “bursting’) solutions. Phys.
Fluids 17, 015105-1.
Jimenez, J. & Simens, M. P. 2001 Low-dimensional dynamics in a turbulent wall flow. $J$.
Fluid Mech. $435_{\mathit{1}}.81$ .
Kawahara, G. & Kida, S. 2001 Periodic motion embedded in plane Couette turbulence:
regeneration cycle and burst. J. Fluid Mech. 449, 291.
$\mathrm{K}\mathrm{i}\mathrm{m},$ J. 2003 Control of turbulent bound ary layers. Phys. Fluids 15, 1093.
Nagata, M. 1990 Three-dimensional finite-amplitude solutions in plane Couette flow:
bifurcation from infinity. J. Fluid Mech. 217, 519.
Ott, $\mathrm{E}$ , Grebogi, C. & Yorke, J. A. 1990 Controlling chaos. Phys. Rev. Lett. 64, 1196.
Pyragas, K. 1992 Continuous control of chaos by self-controlling feedback. Phys. Letter
A 170, 421.
$\mathrm{T}\mathrm{o}\mathrm{h}$ , S. &Itano, T. 2003 A periodic-like solution in channel fiow. J. Flttid Mech., 481,
67.
, . 2004 , 23, 329.
Waleffe, F. 2001 Exact coherent structures in channel flow, J. Fluid Mech. 435, 93
Waleffe, F. 2003 Homotopy of exact coherent structures in plane shear flows. Phys. Fftids
15, 1517.
